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ABSTRACT 

A working group of the Commission for Agricultural 
Meteorology has prepared this report to fill a need for detailed 
syllabi for instruction in agricultural meteorology required by 
different levels of personnel. Agrometeorological personnel are 
classified in three categories: (1) professional meteorological 
persoxmel (graduates with basic training in meteorology) ; (2) 
agricultural scientists (graduates with basic training in 
agricultural sciences) ; and (3) technical assistants in 
agrometeorological services (non-graduates^ with training in 
mathematics and physics at the secondary or high schocj. level) • 
Proposed qualifications and training of these three classes of 
personnel are detailed, indicating the standard of knowledge required 
and the extent of the field to be covered. In addition, a syllabus is 
developed for teaching agricultural meteorology at secondary schools 
(advanced education below university degree level) of agriculture, 
hortictilture, and forestry. It consists of a number of lectures and 
practical exercises to be' introduced into the program of such 
schools. The list of textbooks and published lecture notes or 
monographs is compiled alphabetically by author with jspecial listings 
of technical publications ^md World Meteorological Organization 
publications. (BL) 
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FOREWORD 



Recognizing the need for detailed syllabi for Instruction In agricultural meteo- 
rology and for guidance with respect to appropriate textbooks, the WMO Commission for Agri- 
cultural Meteorology (CAgM), at Its third session (Toronto, 1962), decided to establish a 
Working Group on Syllabi for Instruction In Agricultural Meteorology. This group was 
requested to prepare syllabi suitable for the different levels of personnel- and to propose 
a list of appropriate textbooks, published lectures and monographs. 

The group consisted of Messrs. G. D. B. de Vllllers (South Africa), chairman, 
R. Arl^ry (France), J. van Elmern (Federal Republic of Germany), K. H. King (Canada) and 
Mrs. Z. Ple£lak (Poland). 

The final report of the group was circulated to all members of the comnission 
for their information and comraents £uid subsequently approved by the president of this 
commission. In view of the importance of its content, the president of CAgM recommended 
that the report be published in a suitable manner. The report has accordingly been in- 
cluded in the series of WMO publications Intended for training purposes, it is expected 
that the French version will be published at a later date. 

It may be appropriate to mention that the report of Professor J. Van Mieghem 

published as WMO Technical Note No. 50 entitled The Problem of the Professional Training 
of Meteorological Personnel of all Grades in the Less-developed Countries — constitutes 
a basic reference to the present publication. Moreover, sections of the syllabi contained 
here will need to be completed by the relevant excerpts from Professor Van Mieghem's report. 

I should like to take this opportunity, of expressing to the chairman and all 
the members of the working group the sincere appreciation of the World Meteorological 
Organization for the time and effort they have devoted to the preparation of this very 
valuable report which will no doubt be of great assistance to all concerned with training 
in agricultural meteorology. I also wish to acknowledge with gratitude the assistance of 
Mr. L. P. Smith, president of CAgM, and of memL^rs of CAgM who have offered useful sugges- 
tions for the preparation of the final text. 




(D. a. Davies) 
Se c r e tary-General 
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!• INTRODUCnON 

The syllabi presented Ixi the following pages are based on a study of the desirable 
qualifications and training of personnel employed In agricultural meteorology. 



it. CLASSIFICATION OF FERSONNEL EMFLOVED IN AdRICULTURAL METEOROLOGY' 

It was agreed that personnel employed In agricultural meteorology can be classified 
Into two main classes: 

Personnel with a basic training In meteorology; 

Personnel with a basic training In agricultural sciences. 

In each of these two classes distinction should further be made between graduate and non- 
graduate personnel. 

When preparing syllabi for the various classes of personnel, the working group 
distinguished the following groups of personnel: 

(a) Professional meteorological personnel (graduates with basic training In 
meteorology); 

(b) Agricultural scientists (graduates with basic training In agricultural 
sciences); 

(c) Technical assistants In agrometeorologlcal services (non-graduates, with 
training In rathematlcs and physics at the secondary- or high-school level). 



^. DUTIES OP THE VARIOUS GROUPS OF AQROMETEOROLOGICAL PERSONNEL 

As regards the duties of the various groups of agrometeorologlcal personnel, the 
working group considered that professional agrometeorologlcal personnel amd agricultural 
scientists were responsible for the organization and supervision of agrometeorologlcal 
services and would carry out research In agricultural meteorology. 

4. Technical assistants In agricultural meteorology would be responsible for the 

following duties: agrometeorologlcal observations (instrumental, visual, phenologlcal); 
Installation, maintenance, checking and calibration of the Instruments lased, with the 
exception of very delicate Instruments the adjustments of which should be entrusted to the 
professional officers; elementary processing of agrometeorologlcal data: routine computa- 
tion of averages, normals, frequencies, etcr preparation of punched cards; statistical 
analysis of cigrometeorologlcal data under guldfmce of the professional officers; assisting 
In research projects. 



5. SYLLABI 

In the following pages the proposed qualifications and training of these classes 
of personnel are shown In the form of syllabi Indicating the standard of knowledge required 
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and the extent of the field to be covered* The working group agreed that syllabi should be 
prepared for the three classes of personnel mentioned In paragraph 2 above, and that em 
additional syllabub was required for the purpose of teaching agricultural meteorology In 
secondary schools of agriculture, horticulture and forestry* Further details are given In 
the following paragraphs. 

6. SYLLABUS FOR PROFESSIONAL METEOROLOGICAL I^ONNEL 

Syllabus 1, proposed for candidates in this class of personnel. Is given In 
Annex I. For this syllabus the candidate must attain (or have attained) the required standard 
of knowledge in physics, mathematics, meteorology and climatology, and have sufficient back- 
ground in the biological and agricultural sciences (if he has not already taken a degree in 
agriculture). 

7* ' It should be possible to take this syllabus: 

(a) As part(s) of a four-year B«Sc«Agric« course in agrometeorology; 

(b) During postgraduate work in agricultural meteorology after a degree in pure 
science; 

(c) During postgraduate work after a degree in agricultural science. 

8* While Instruction In biometry, botany (inclvding plant physiology), crop science 

and soil science is considered essential for this course in agricultural meteorology, a 
knowledge of animal science, entomology £uid plant pathology may, under certain circumstances, 
also be desirable* 

9* The proposed Syllabus I must be considered as the minimum requirement for the 

training of professional agrometeorologlsts* As regards personnel of Meteorological Services 
engaged in advisory tasks in agrometeorology, they should receive training in applicable parts 
of Syllabus I. 



10. SYLLABUS FOR AGRICULTURAL SCIENTISTS 

Syllabus II proposed for ccuididates in this class is given in Annex II* A one- 
year course in sigricultural meteorology is proposed here for candidates who receive (or have 
received) training in agricultural sciences* The purpose of the proposed course is to make 
the « Agricultural scientist (student or graduate) more conscious of weather and climate and 
to train him in measuring meteorological and climatic Influences when the need may arise in 
future research* 

11* The standard of mathematics and physics required will be that of a first-year 

course at university* 

12* If the postgraduate work of the agricultural graduate leans towards agricultxiral 

meteorology in animal, crop and soil studies, he may receive training in appropriate parta 
of Syllabus I for professional agrometeorologlcal personnel* 



i;;. SYLLABUS FOR TECHNICAL ASSISTANTS IN AOROMABORGLOGICAL SERVICES 

Syllabus HI proposed for this class of personnel is reproduced in Annex III* 
The standard of matheiDatios and physics required will be that of the secondary or high-school 
level. 
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SYLLABUS FOR TEACHING AGRICUI/TUROL METEOROLOGY AT SECONDARY SCH00I5 OF 
AGRICUDIURE, HORTICUUPURE AND FORESTRY (The word "secondary" In this context 
Implies advwced education below university degree level) 

Syllabus IV proposed for the purpose of teaching agricultural meteorology at 
secondary schools of agrloulture, horticulture and forestry Is j^ive^i in Annex IV. This 
syllabus corslsts of a number of lectures and practical exercises to be Introduced in the 
prograomes given at the professional secondary schools. 

15* The purpose of Introducing these lectures and exercises Into the programmes of 

secondary schools of agrloulture, horticulture and forestry is twofold: 

(a) To avoid elementary meteoroloior being taught at universities and thus permit 
them to use the time gained for training in agricultural meteorplogyi 

(b) To prepare a certain number of suitable observers for agrometeorologlcal 
stations • 



16. LIST OP TEXTBOOKS AND PUBLISHED lECTURE NOTES OR MONOGRARiS 

In accordance with its terms of reference^ the working group prepared a list of 
textbooks and published lecture notes or monographs pertaining to Instruction in agrlculturt-l 
meteorology. This list is reproduced In Annex V« 

17%^ The works listed are arranged In alphabetical order of the names of vhe authors. 

Outstanding works which may be considered as reference books are marked with an asterisk («) 
placed before the name of the author*. Bibliographies of agricultural meteorology are given 
separately at the end of the list. 

18. When preparing the list of textbooks, the group complied with the follo^tlng guiding 

principles • Only works of a general nature were listed. As far as possible at least one such 
work was given for each language or group of languages. If two works in the same language 
were of similar nature and equal value, only the most recent work was listed. Works dealing 
with too restrictive or specialized subjects were not Included. Whenever a relevant Technical 
Note existed, the title of this Note was inserted excluding all other works on the same sul^ 
Ject. .An attempt was made to Include the most recent works; older works having an historical 
vsAue were mentioned only in a. few cases. Nevertheless this bibliography cannot be regarded 
as complete, and newer publications are constantly becoming available. 
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SYLLABUS I 



Syllabus for professional meteorological personnel 

1. BASIC KNOWI£DGE BEQUTREMENTS 

1«1 Mathematics and physical sciences 

1«1.1 Ifti^S'li^ic^ ilSAli^jy^ 

See Professor J. Van Miegjhem's report, WMO Technical Note No« 50, 
Annex II (p. J9). 

1.1.2 Mechanic^ 

See Professor J. Van Mieghem's report, WMO Technical Note N6« 50, 
Annex II (p. 42). / 

1.1.3 JStoli9£ ■ 

See Professor J. Van Mieghem's report, WMO Technical Note No. 50, 
Annex II (p. 42). 

1.2 Biological sciences 

1.2.1 Biometry 

Application of statistics to planning and analysis of experiments 
(see WMO Technical Note No. 50, Annex II (p. 41). 

1.2.2 &i?LS£^j£n£? 

Composition and formaition of soils| weathering of rocks and minerals; the 
soil prof ilei[ simple classification of soils; plant nutrition and soil fertility; 
organic matter in soils'; micro-organisms; the physical and chemical properties 
of soil; soil and plant relationships; soil erosion: types, causes; principles 
of soil conservation. 

1.2.3 SP1?IS^ 

The morphology, anatomy and histology of flowering plants; systematic classi- 
fication of plants; life-histories and reproduction of the more important plants; 
economic botany. 

JPlant J^^ffiojLogy 

The plant cell; solutions and membranes; the roots of plants; the intake 
of water and solutes by plants; thie loss of water by plants; the processes of 
photosynthesis, including COg requirements, respiration and growth in plants; 
the translocation of water and materials in plants;' frost and drought hardiness; 
photoperiodic ity. 

Ecolocgr 

Plant association, successions and climaxes. 
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1.2.4 2^Jf^I?^£!^k^IL S!^ SfSP^&^^B^ 

1.2.4.1 l^^f^^S'^'SP 

Physiographic > climatic, edaphlc and blotlc factors In relation to plant 
growth; crop pi^uctlon In relation to the agro-ecological cowiitlons of the 
country ooncemed; agronomic practices; crop and fodder production; land utllil^:*- 
tlon and ixidustrial crops. 

1.2.4.2 Horticultural crops 

Classification of horticultural plants; climatic and soil requlremen'cs; 
elementary morphology and physiology; propagation; pruning; orchard layout and 
culture . 

1.2.4.3 Pastures 

The origin, development and stabilization of vegetation in r-slation to the 
environment; vegetation types, their management and application In veld menagement; 
the establishment and management of cultivated pastures. 

1.2.5 JB?i^:iffi 

Importance of plant diseases; causes and classification; diseases caused by 
parasitic bacteria and fungi, viruses and non-parasites; influence of environmental 
factors on diseases of economic plants; principles of plant disease control. 

1.2.6 29£^£Ggr 

The elements of anatomy, histology and physiology; distinguishing charac- 
teristics of the major groups of the animal kingdom; a knowledge of the morpholep/, 
physiology and reproduction of representative types; elementary cytology, embryo « 
logy and genetics. 

Animaljanatoj^^ 

The form, structure and functions of the locomotory, nervous, circulatory, 
respiratory, digestive, excretory, endocrine and reproductive systems of farm 
animals . 

1.2.7 S^J'iYSSSPJS^ 

The principles of animal production; the nutrition of farm animals; physiolo- 
gical reaction to environmental changes in relation to food utilization; ecology 
of livestock; factors influencing growth and development; Important animal diseases. 

1.2.8 Sf^lPSPiPff 

Embryology, histology, physiology, ecology and the chemical, biological or 
other methods of control of the more Important insect pests injurioi^ to veg^ 
tables, fruit trees, field crops and pastures, stored grain and grain products, 
forests. 

lO Meteorology (Physical, dynamic and synoptic) 

See Professor J. Van Miefi^m^s report, WMO Technical N6te Nc. 50, 
Annex II (pp. 42-43). 

1.4 Climatology 

Olie concept of climate; the influence of large-scale geographical factors 
such as oceaa currents arui the distribution of land masses and seas on climate; 
study of the general circulation from a ollmatological poljit of view; precipita- 
tion: convective rain, orographic rain, cyclonic rain, the diurnal variation of 

It 
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prjolpltaticrv meridional distribution of precipitation, the sea^Dnal varle^vlcn 
of precipitation ' viz. the equatorial type, l;ne tropical type, the subtropl 
type, the continental type, the maritime type, the monsoon type; other cllmatl': 
elements: sunnhine, temperature, cloudiness, evaporation, humidity, radiation 
their diurnal 8nd annual variations, their geographical distribution; classifica- 
tion of climattis; global study of world climate; detailed study of the climate of 
the region or continent concerned; climatic chcuiges; the utilization of cliriograms 
and phj'tocllmograms; the statistical manipulation of climate data on an advanced 
level. 



2* AORICTJI/TURAL METEEOROLOOy 

2.1 Introduction 

2.1.1 The in£C>£twice_^o£ weather^ ai^ £?.i"St£. £o£ agri^ultuM 

The adaptation of plants, crops and animals to the climate; the necessity of 
adjusting farming systems to the natural environment; critical growth periodd in 
relation to temperature and soil moistiire; the importance of weather and climatic 
data in determining the irrigation requirements of crops; climate In relation to 
Insect pests and plant diseases; production and cultivation practices in relation 
to climate; climatic hazards affecting agricultural output, e.g. drougnt^ ^«all# 
frost, strong wind, etc.; effects of climate and weather upon sitorage and transpor- 
tation. 

2 . 1 .2 Ajeg^leidtm*^a3^^ 

Definition, aims and scope; difference between meteorology and agricultural 
meteorology; a short history of agricultural meteorology in relation to the needs 
of agriculture and the development of meteorological apparatus. 

2.1m^' National Meteorological Services and the World Meteorological Organization 
(WMO). 

2.1.4 National agrometeorologlcal organizations and the Commission lor Agrlcrltural 

I4eteorology (CAgM) • 

2.2 Agrometeorologlcal observationiBj instruments, stations, networks, and processing 
of data 

2 • 2 • 1 AfSEPS^teorolog^ aljD te^rv at 1 ons 

2.2.1.1 Meteorologlcal^bservatlons 

Units, accuracy required, soxiroes of errors, exposure of InstruTjents, general 
niles and procedures for the observation and recording of pressure, air temperature, 
atmospheric humidity, wind, simshine and radiation, precipitation, soil temperature, 
so^.1 moisture content and soil moisture tension, evaporation, evapotranspiration, 
interpretation and analysis of autogjtraphic charts; cloud classification, cloud 
cover, estimation of cloud base; horizontal visibility; existing weather conditions; 
state of the ground* 

2.2.1.2 ^^^g^S^'^.S^SSEY^^^SDS 

Observations on native plants, cultivated crops and trees, farm anljnals^ dis- 
eases, ixisect pests and general activities On the land* 
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2.2.2 Instnunents avid methods of observation 

The choice of a site for an Instrument enclosure; a detailed study of the 
procedures for installation, maintenance, checking and calibration of the inswru- 
ments used in agricultural meteorology. 

2.2.2.1 Pressure 



The mercury barometer: method of observation, exposxire, transportation and 
installation; correction of barometer readings to standard conditions; index error, 
* gravity correction, temperature correction; the barograph, the aneroid barometer; 
the hypsometer. 

2.2.2.2 Surface wind 

The pressuTij plate anemometer; cup and fan anemometers: the hand anemometer, 
the totalizing anemometer, contact Bixd generator types of anemometer and anemograph; 
the pressure tube anemograph; the hot<-wlre suiemometer; etc. 

2.2.2.? Duration of sunshine 

Sunshine recorders; exposure, maintenance and evaluation of records. 

2.2.2.4 Radiation 

Pyrhellometers, solarlmeters, pyranometers, pyrradloraeters, net radiometers, 
lllufflinometers and devices for measuring the spectral distribution of solar radia- 
tion. Instruments designed for use within crop canopies. 

2.2.2.4.1 Estimates of radiation using sunshine, cloudiness and haze data. 

2.2.2.3 ^!!!£££5^^£S 

Liquid*- in-glass thermometers: ordinary thermometers, maximum thermometers, 
minimum thermometers, soil thermometers; reading a thermometer; electrical thermo- 
meters: resistance thermometers, thermocouples, thermistors, axixiliary electrical 
equipment; thermographs: bimetallic type. Bourdon- tube type, mercury-in-steal type; 
thermometer and thermograph exposure: general requirements in order to obtain 
representative air temperature, thermometer screens, artificial ventilation, ex- 
posure of grass minimum thermometers; the importance of calibration certificates; 
possible sources of defects in thermometers and the various procedures to rectify 
them. 

2.2.2.6 6^?95s^?'*^s»l?li^p^^^^? 

Fsrchrometers: simple psychrometer without artificial ventilation, the sling 
psychrometer, the Assmana-type psychrometer, exposure and observational procedure, 
care of the wet bulb, operation of wet bulb belcw freezing, sources of error in 
psychroroetry,.th0 psychrometric fdrmiila, tables and slide rules; hair hygrographs: 
general requireme n ts, expostire, management and transportation, accuracy and sources 
of errors, washing the hairs; dew-point and frost«-point hygrometers; electrical 
absorptlbn-typ^ l^ygitMiietera • 

2«2.2.7 Precipit at i on 

She ordinary and totalising ralngauges; rainfall recorders: natural siphon 
type, float type, tilting-buckat type, wei^ilzig tyP^i rainfall intensity recorders; 
snow measurements: snow depth and density; the measurement of rainfall and hall 
by radar* 
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2.2.P,8 pew 

Artificial grass mats and asbestos plates; Parchlnger's absorption roethodi 
the Lelck porcelain plate; the paper<-strlp dew Indicator; the Hlltner dew recorder; 
the Kessler dew recorder; the dew balance of Montelth; leaf -wetness recorders. 

2.2.2.9 Soll^molsture 

2.2.2«9*1 Soil moisture content: electrical resistance units; electrical capacitance; 

thermal conductivity; neutron scattering; mechanical and chemical resistance; 
gamma-ray absorption; nuclear, magnetic resonance. 

2.2.2.9*2 Soil mo sture tension: tenslometers; suction plate^ pressure plate and pressure 
membranes; absorption by porous material; vapour pressure and freezing point* 

2.2.2.10 Soil temperature, heat flow A|[)^_soll_properties 

Different klxvis of soil thermometers and thermographs; methods of measurement 
of heat flux, heat flux plates, methods of measuring heat capacity, conductivity 
and diffusivity. 

2.2.2.11 Evaporation and evapotransplratlon 

2. 2.2. 11.1 Evaporation: small and large evaporation pans, porous, porcelain bodies, porous 
wick devices; lysimeters; exposure, roaintensuice, scale, observations and entries, 
calculations. Advantages and disadvantages of different types of pan let into 
the ground and exposed above the surface; factors influencing evaporation from a 
pan: depth of evaporating surface, rim effect, colour and size of pan, netwire 
cover, microclimate; comparison of different types of pan. Evaporation from a 
free water surface (pan) in relation to evaporation from other types of evapori- 
meter. Estimating evaporation from empirical formulae based on Dalton's Law; 
aerodynamic and energy balance approaches; eddy correlation and water baJ.ance 
techniques. 

2.2.2. 11.2 Evapotransplratlon: lysimeters: types and application. Various types of atmo- 
meter and evaporation pan. Micrometeorological methods s aerodynamic energy-balance, 
eddy correlation. Approaches of Thomthwaite, Penman, Blaney-Criddle, Haude, Turc, 
Prescott, Hedke, LoWry and Johnson, Hoffmann and others. The relation between 
actual and potential evaporation. 

2 • 2 .3 iL^^^l.^SF2}S?iP A^^l^SPS. SP^ I^^SP}?^ 

Classification of stations: principal, ordinary and auxiliary; design of 
networks. 

Meaning of an observation, errors of observation, observations as samples of 
a population, the use of statistical methods for the quality control and processing 
of observations; the collection, treatment, representation and storage of climatic 
data, the tabulation and cataloguing of climatic observations, the publication of 
climatic data; nomenclature of different maps used in climatology, climograros and 
phytoclimograros; correlation between agrometeorological and biological data; pre- 
paration of plans for statistical studies, systematic and accidental errors; 
machine methods •* The need for slmul4;aneous biological and meteorological measure- 
ments of comparable accuracy and validity of sample. 
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2,5 Micrometeorology^ rolcrocllinatology and topocllmatology 

2»?»2 Heatjbudget Si^^i^J^S^JiB^yjorface 

Incoming and outgoing radiation types; net radiation. Heat flux In the 
soil; soil temperature (see 2,4,1). Heat transfer in the loner air layers: free 
convection, turbulence. Latent heat flux (see 2«4.?). 

2»?»3 Terajperature^ iLME^^'^J^-J^S^-J^i?^ iJPi^«!^Jl®^fiSJ°^"i surface 

2.3.3^1 Variations in air temperature; temperature profiles (day and night). 

2.3. 3*2 Humidity fluctuations; wet and dx*y type moisture distribution profiles. 

2«3«3«3 Wind struct.ire near the ground: laminar and turbulent flow; wind profiles; 

effect of wind on microclimate, air pollution and dispersal of spores and seeds. 

2.3.4.1 lype, colour and structure of the soil, microclimatic soil cover and cultural 
practices . 

2.3<4.2 The influence of soil moisture and soil freezing on the air layer neeir the 
ground. 

2.3-4.3 The microclimate above water" surfaces: pools, lakes, rivers, sea. 

2.3-4.4 The influence of snow cover and ice on soil*- and microclimate. 

2.3*4.3 The microclimate in the boundary zone between different types of soil surface. 

2.3.5 The influence of plant cover (crops) on roicroroeteorolotpr and microellmatoloy 
2.3*3 The heat budget of plants. 

2.3.5«2 Radiation penetration and exchange within a low plant cover (crop) and within a 
tall plant cover (forest). 

2.3*3*3 Air temperature and humidity within a plant cover. 

2.3*3*4 Evapotranspiration within a plant coverj the leaf area index. 

2.3*3«3 ralnfall*lnterceptionj leaf-iretness within agrloultural orops and forests. 

2.3*3*6 The Influence of forests on the climata of the surrounding area. 

2.3.6 ^£^Ji^^<££.'J^SRSS?%]^<^^ 
2.3*6.1 The' radiation budget of different sloped. 

2.3*6.2 The influence of topographer on day* and nl|^t-tlme temperature profiles, on 
temperature distributlonj oold air drainage, frost hollows, eto. 

2.3.6.3 The Influenoe of topography on air humidity.* 
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2. 3*6 .4 The Influence of topography on wind speed and wind direction. 



2.5*6.5 



Local winds: down- azKl up-slope winds, down- and uprvalley winds. 



2.^.6.6 



The influence of topography on soil temperature and soil moisture. 



2.3*6.7 



The influence of topography on rainfall. 



2-3-7 



2.3*8 




2.3.8.1 The iise of statistics in microclimatology. 

2«3«8«2 Methods for estimating long-range macroclimatological possibilities from short- 
term microclimatic measurements. 

2.3. Bo Representation of microcllmatological results: diagrams, large-scale maps, etc. 



2.3.9.1 Influence of the variation in and the distribution of radiation temperature, 
humidity, and wind profiles on plants, animals, insects and plant diseases. 
(Instruction; details to follow in 2.70 

2.3.9.2 Influence of the microclimate on soil management practices, plant disease control 
(spraying, dusting), irrigation, combined-harvesting, etc. 

2 .3 . 10 !S^^^£?^^S\SL ite. SL^£F2Pk^^^^^S^2?k ^^i^iPSPSPi 

2.3.10.1 The modification cf the climate within plant covers (crops) by planting, manuring, 
cultivation, etc. 

2.3.10.2 The influence of shading, mulching, glass screens, walls, changing the colour of 
the soil or screens, and irrigation on the heat and water budget of plant covers 
and on the whole microclimate. 

2.4 Soil climate 

2.4.1 SpD-^SFSIfiEPi!^ 

2.4.1.1 5£5i_s;£52S§2.2i.iiJS-52iL51^2£ 2 

The soil heat flux as part of the energy budget; factors affecting the 
soil heat flux; sharing of heat between air and soil. 

2 •4.1.2 Heat conductlon^in^tha^goil 

The classical theory of heat conduction in solids; transfer of heat by 
movement of water and water vapour within a soil. 

2.4.1.3 Thermal properties of solls,^thgir^vM^ 



2.3.9 



Heat oapadityi ooAduotivityi diffuslvlty. 
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2.k.lA Soli temperature variations 

Diurnal and annual cycles at the surface and other depths; theory of periodic 
temperature variations; equations for calculation of temperature at any depth and 
time given certain boundary conditions; Fourier analysis of soil temperatures; 
non-perlodlc v£U»latlons of soil temperature; application of Laplace transforms to 
soil temperature studies; sinusoidal temperature variations In natural layered 
soils • 

Factors influencing soil temperature 

Source and amount of heat; the energy balance; latitude, slope of land, 
distribution of land and water; soil colour, albedo in different parts of the 
spectrum; thermal properties of soil; soil moisture, evaporation and condensation; 
vegetative cover, anoW cover; frost penetration. 

2*4.1.6 Modification of soil temperature by cultural practices 

Shading; mulching, changing colour of surface; irrigation and drainage; 
tillage; glass and plastic covers. 

2A.I.7 Influence of soil temperature on agricultural production 

Influence of soil temperature on plant growth; germination and seedling 
emergence, sprouting of bulbs and tubers, growth of roots and shoots, effect on 
nutrient uptake. Interactions between soil and air temperatxires on plant growth^ 
crop quality; extreme soil tomperatures and plant Injury, plant diseases, extent, 
thickness and duration of sncw cover^ alternate freezing and thawing, soil heaving, 
moisture movement. Influence of soil temperature on activity of microorganisms s 
distribution, growth euad numbers; decomposition of organic matter; amnonif Icatlon 
and nitrification; soil aggregation. Influence of soil temperature on Insect life. 



2.4.2 Son^molBture 

2.4.2.1 ?2ii.!?2i5il}r£_£2Ji£!?* 

Percentage by weight, percentage by volume, bulk density, hygroscopic water, 
capillary water, gravitational water. 

2.4.2.2 Soil molsture-ener^relatlons 

Total potential in the soil system, the capiUaiTy potential, free energy, 
soil moisture potential pF and log-tension, relation between soil moisture content 
and soil moisture tension for different types of soil. 

2.4.2.5 5}f-52IS5SDi-2L*'2i®L.^ ^^^^ 

Movement of liquid water in saturated and unsaturated soilsi movement of 
water vapoxir; movement In relation to plant-root extraction. 

2.4.2.4 ^,^g^i?SgSg..9^_°gj ^_gg^ ^^^ ^^^^S^,?gj^ potential on plant growth 

Field capacity; wilting point; available 'soil moisture in relation to germi- 
nation, transpiration and vegetative growth, maturation and yield of crops; critical 
growth periods; farming systems in relation to^available soil moisture; the impor- 
tance of water conservation for agricultural purposes. 
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2«4«3«1 Evaporation 



The theory of evaporatloni factors Influencing the evaporation from a free 
water surface: radiation, ^temperature of the water surface, wind movement, air 
pressure, quality of watei*. Evaporation losses and the future of evaporation pans 
In agricultural research. 

2*4 O* 2 Evapotransplratlon 

The Individual and combined influence of soil, plmt and climatic factors 
on evapotransplratlon. 

2.4.30 Irrigation scheduling 

2.4 •^•^•l Effect of soil, crops and climatic factors on irrigation needs. 

2«4«3*3*2 Application of estimating evapotransplratlon on the scheduling of irrigation. 

2.5 The hydrological cycle in agriculture 

2 .5 • 1 The hjyjdrol^i^lcal^c^cJLe^ ' 

Rainfall and its interception by plants, crops and forests, runoff, infil- 
tration, moisture retention of the soil, percolation, evaporation, evapotransplra- 
tlon; its importance in agriculture; effects of agricultural praci;lces on component 
parts of the cycle. 

2«5*1*1 Soil moisture budgets; use of models appropriate to alternative husbandry practices, 
fallow periods, irrigation etc. 

2.5*2 Drou^^s^(long period) 

Definition; possible causes; frequency; principal drou^t-af flic ted areas 
and countries^ long-term planning against drou^t^ the possibility of cloud stimula- 
tion. 

2.5*3*1 Runoff, soil erosion and their control. 

2.5*3*2 Floods: causes, frequency, prediction and control. 

2.50*3 Snow melt. 

2.5*4 Hall 

Occurrence and frequency of hail storms; extent and pattern of hail damage^ 
meteorological conditions favourable for the formation of hall; types of hail- 
' stones; artificial prevention of hail, statistical evaluation of experimental 

results; experimental procedure for growing artlflcal hailstones; radar studies 
in connexion with hailstoms. 

2.5.5 £bw 

The theory of dew formation; conditions favouring the formation of dewj 
the importance of dew for plants, plant diseases, animals and insects* 
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2 .5 ,7 ^£P2FS!^lPIl £^£R2*£'WjS£l£ja^l£n^(see 2 .^.J) 
2«6 Biological roeasurementg (phenology ) 

2 • 6 • 1 SPiFS^iL^i,^2P'^ 

Definition, hlatory, the need for phenologlcal data and studies for agriculture. 

2.6.2.1 Phenologlcal observations of plants. Plants (native and cultivated) and their 
growth phases: tine of germlnAtlon, emergence, shooting, flowering, ripening, 
harvesting, defoliation, etc. 

2.6.2.2 Measurement of plant-growth (phenometry). Leaf-size, length of stalks, thickness 
of tubers, etc. 

2.6.2.3} Observations of birds, insects and diseases: migration, appearance, outbreak of 
diseases and epidemics. 

2.6.2.4 Collection of data. Networks and stations, phenologlcal gardens. 
2.6.3*1 Examination of data and possible errors. 

2.6.3*2 Statistical methods: mean values, parallelism of different phases, duration of 
growing periods, etc. 

2.6.3*3 Representation of data, diagrams, maps, profiles, etc. 

2.6.4 Research 

2.6.4.1 Research on observations made at one station (time sequence, etc.). 

2.6.4.2 Research on observations at different stations (area analysis, etc.). 

2.6.4.3 Periodicity and prediction. 

2.6.4.4 Influence of weather, climate, topography, soil, etc. on biological events. 
2 .6 .3 hPE^J^S^^JiPUL J^^./^Jk^HP'-^MS^ 

2.6.3*1 Delimitation of natural growing (farming,; areas. 

2.6.3*2 Rienological climatology. 

2.6.3.3 Ftaagement decisions, irrigation, etc. 

2.6.3.4 Improvement of cultural practices. 

2.6*3*3 Forecasting of blologicai phenomena for crop productidn, plant disease-control 
and seasdnal operations (see 2.II.3)* 
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2.6«3«6 Advising for agricultural trade and comnerce (export. Import, etc.) {s'\e 2.11.1) • 

2#7 Weather and climate in relation to plants and crops ^ animal production, insects 

and plant diseases 

2.7.1 2^i®^^2LPil9£? 

2.7.1.1 Ororth and development in plants: annual life cycles phasic divisions of the plant; 
measurement of growth and development. 

2*7.1.2 Effect of weather factors on the groirth and development of plants and on qqality 
and quantity. 

2.7«1«2.1 Air temperaturet plant temperaturesj cardinal temperaturesj optimal temperature 
ranges; temperature efficiency; temperature and transpiration; thermoperiodism; 
loir temperatures: stimulating effects, cold injury, the hardinciss problem, frost 
damage and frost resistance (see 2.9); insufficient cold during dormant period, 
delayed foliation of deciduous fruit trees; high temperature injuxry; sun-scald; 
Importance of temperatures over the whole growing season and during critical growth 
periods; heat unit systems. 

2*7.1.2 #2 Intensity, duration and quality of light: effects on photosynthesle; optimum leaf 
area index; photoperiodisro; transpiration; germination; reproduct icoi; growth forms; 
physiological characteristics. 

2.7.1.2.3 Atmospheric humidity; optimum humidity ranges for growth; effects on transpiration 
and plant diseasee. 

2.7.1.2.4 Winds effects on; transpiration; desiccation; dwarfing; deformation; anatomical 
modifications; pollination; dissemination. 

2.7.1.2.3 Soil temperature: (see 2.4.1.7). 

2*7.1.2.6 Soil moisture (see 2.4.2.4). 

2.7.1.3 The climatic requirements of crops, e.g. com, wheat, small grains, sor^imi, 
cotton, tobacco, sugar oane, sugar beet, fruit trees (tropical, subtropical and 
deciduous), vines, berries, vegetables, etc., the adaptation of plant to the 
environment; use of cllmographs In introducing new varieties. Flant-climate 
relationships and the tise of phenology in ascertaining the thermal and photo- 
thexnftl requirements of crops, e«g« wheat, barley, rye. 

2.7.1.4 Well«-e8tabll8hed relations between weather and climatic factors, severally or 
Jointly, on the growth and quantitative yield of crops; critical periods for 
gk'^owth aud production; significance of such studies for crop forecasting 
(see 2.11.3) • 

2.7.1*5 Infltience of weather and climate over the growing season upon the quality of the 
crop, the length of its storage life or storage behaviour, e.g. deciduous fruit. 

2.7*2 IMpaJLjnn^ctiM 

2.7«2«1 Themal balances the necessity of maintaining a thermal balance In animals between 
heat production or gain from the e uviroa nent and heat lost to the envlroament; 
the thermal balance equation. 
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2. 7.2.2 The direct effects of weather and climate upon livestock production* the effects 
of solar radiation, temperature (hi^ or low), atmospheric humidity, ?ength of 
day and altitude, severally or Jointly, upon respiration, pulse rate and body 
temperature; loss of water from the body; growth rate and body wei^t; reproduc- 
tion! grazing habits ind food intake; mild production; sunburn, skin cancers and 
photosensitive disorders. 

2.7.2.3 The indirect effects of weather and climate upon livestock productions effects of 
weather on the gross yield and quality of feed supply and hence on rate of growth 
and on milk production; regional effects of seasonal weather and climate upon the 
type, spread and intensity of parasitic diseases, influence of weather on diseases 
caused by viruses, bacteria, protozoa, helminths and metabolic disorders; use of 
meteorological data for forecasting disease outbreaks (see 2.11.3); effects of 
weather on the storing and handling of animal products. 

2.7*2.4 Acclimatlr'^tion 

Comfort zone for different breeds of animals; differences between species and 
breeds In their ability to withstand extreme climatic conditions; symptoms of 
inadaptability. 

Adaptation to new environments: heat stress in relation to acclimatization; 
the Bergman law; physiological adaptation* 

Use of cllmographs in evaluating the possibility of adaptation to new envl* 
ronments . 

Overcoming climatic disadvantages by selecting and breeding. 

2.7»2.5 ?!5.£li!?2Ji£.HES£i5-^-iiX25i2£lJ-SE23H£ii2!LiD«51JP®^~*^^ 
semi^arid^and^degert'areas -~— • — . 

2*7 .2. 6 ^otection_agalnst^cold ^^_g3CQggsivg^£gdlfttion 

Loss of stock in cold weather; the need for shelter t shade trees, artificial 
shelters and air conditioned bams (see 2.12*3); protection against excessive 
radiation: ameliorating thermal stress on animals by such methods as shading, 
sprinklers, mechanical air circiilation, wallows and air conditioning; the effect 
of heated bams on milk and butterfat production; effect of shade on rate of 
growth. 

2.7*2.7 Research I instrumentation 

Direct observations In the field; psychrometric chambers; thermometers, 
thermocouples and thermistors for measuring rectal and skin temperatures; instru- 
ments for measuring the cooling power of the air, e.g* the katathermometer, frigori- 
meter, coolmeter, hot-wire anemometer; climatic indices for indicating heating 
or cooling power of the air. 

2.70 Sf^S!^ 

2*70*1 gfec to of weather^ f ac t ors ^ on ^ insec t life and activity 

The effect of radiation, temperature, atmospheric faualdi'^, light, air 
movement, atmospheric pressure and electricity on such physiological processes 
and insect activities as respiration, development, duration of life, reproduction, 
stridulation, movement, fli^it and dispersion; effect of daily and seasonal changes 
in weather on the daily rhythm and seasonal cycles of insects. 
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Vital limits. for insect lifei climatic factors assisting and limiting the 
dispersal of insects; the importance of ecoclluates and microclimates in the 
distribution of insects; \ase of climographa in »V.)dying insect distribution; 
acclimatization. 

2»7.3*3 ^££S2--g£-2^^??^ ^ a bundanc e 

Direct effects of temperat\ire, precipitation. Kind, atmospheric pressure, 
thunderstorms or a combination of these factors in insect abundance; Influence 
of climate upon the number of generations; indirect effects of climate on food 
and natural enemies; climate in relation to control, course and periodicity of 
outbreaks • 

2.7. '^.k Forecasting 

(See 2.11.5) 

2.7»3*3 Bioclimatic studies on insect pests! procedure 

Field studies; physiological life-history; climatic observations (normal 
and microclimatic}; analysis of meteorological data; quantitative studies on 
insect abundance; correlation of climatic data with quantitative data. 

Artificial climatic ^studies ; Controlled climatic chambers, biotron. 
2.7*4 I^SPX ^S?S?£? 

2.7.4.1 Weather _ fa ctors Q o ndu c i ve _ ^"^gg t ion 

Temperature! optimum temperatures for infection; effect of temperature on 
incubation period; effect of high temperatures on spoiulations of fundus pathogens 
and longevity of spores; temperature in relation to disease proneness of the host. 

Humidity: the importance of free water (rain, fog, dew, water of guttation, 
snow cover and duration of surface wetness for spore germination and Infection; 
the effect of high atmospheric humidity on sporulations of fungus pathogens and 
on longevity of spores. 

Light; injuries to infection process by light. 

Wind; dissemination of fungus spores and bacteria by wind; windbreaks in 
relatlm'to infection* 

Electrostatic charge; possible effects of electrostatic charges carried 
by fungus spores on epidemiology of disease. 

2.7.4.2 Eff ects 6f t«nperature_and moi st ure 
o?"diseases 

2.7*4.3 M eth ods and techni qges 

Correlations between natural or induced diseases and meteorological records 
or of syntheslxed e nvli ' ouui ents; the need for microclimatic observations; artificial 
climates; greenhouses and phytotrons. 

2.7*4*4 Disease forecasting 
(See 2«11«3) 
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2.7 A*5 ?E2?52SDi-23[^?^£2L*S2^°?^ plant diseases 



2.8 
2.8.1 

2.8.2 



2.9 
2.9*1 

2.9*2 

2.9*2.1 

2.9*2.2 

2.9.3 

2.9.4 
2.9*4.1 

2.9*4.2 



For example: apple scab, caused by fiangus Venturla Inaequallsj potato late 
blight, a fungus disease caused by Fhytopthora Inf estansi wheat stem rust caused 
by a fungus Pucclnla gramlnls trltlcl . 

(Diseases appropriate to the area concerned to be selected.) 
Agrocliaatlc classifications 

The need for agrocllmatlc classifications! existing classifications (for 
details, see section 70 of the Guide to Agricultural Meteorological Practices. 
WNO - N6. 1^4. TP. 6l)| limitations of the present classifications. 

gi£toM toJt)e consldM^^ 

Elements Important to the vegetative groirth of plants, e.g. water balance, 
temperature, dui*atlon of fro8t<-free period, duration of sunshine; 

Elements Ijoportant to the development of successive phases in plan' life, 
such as, for example, day length; annual temperature variation; daily temperature 
range, both in the warm and cold seasons; duration of frost-free period; duration 
of rainy and dry seasons. 

Frost and protaotion against frost 

Economic phases of frost protection; the extent of danage to crops by frost during 
the growing season and by freezing traperatures during the winter; the possibility 
of minimising frost damage to plants. 

Causes of frost. 

Bg4^g^^gg..gf?j ggYggtiye^ frosts 

Seasonal occurrence i related weather pattemsi donor areas axxi the flow and 
pooling of cold air; temperature inversionsi effect of soil eoodltions, ground 
cover and cultural practices on frost intensity. 

iDloglcal ^roceames ^nvolved^ 

Theories on mechanism of frost injuryi frost hardlnessi critical temperatures 
for plants and crops. 

Diminution of frost danage by changing the microolifliate by temporary or permanent 
measures* 

Pa ssive me t hods 

Location of growing areas; choice of growing season; iloe of planting and 
scwlngi seleoticm and breeding; cultivation practices t soil management, plant 
wanagwm e nt , use of growtli regulatdN. 
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2.9.4.3 ^£i^Y2-2Si!J2?2 

Fre*ix*rlgatlonj coverings^ smoke and artificial fogs; wind machines; 
sprinkler irrigation; orchard and soil heating; a combination of two or more 
of these methods. 

2.9.4.4 .£25!52*i2§ 

operational pracedure; applicable frost protection methods; critical tem- 
peratures and when to protect; coverage, economic phases of frost protection: 
type of crop to be protected; installation^ overhead, operation, fuel storage 
costs; comparative costs of frost protection methods. 

Cllmatological temperature surveys and mlcracllmatologlcal veu?latlohs; 
advice to farmers on choice of crop species and varieties, choice of growing 
areas, choice of planting dates, source regions of cold air, frost risks, 
average date of last frost in spring and first frost in fall, length of growing 
season, probability of frost occurrence, frequency and severity of frosts, 
establishment of microollmatic frost stations. 

Local frost*f luting organisations. 

2.9*6 £^sjL Xo£ecasts and Jff^^PBP 
(See 2.11.3) 



2.10 Windbreakp ft>M»i terbelts 

2.10.1 JP^^SP^SP 

Definition of windbrealcs and shelterbelts; the need for protecting soli, 
soil-water, plants and animals, or for improving the soil-, mlcro<- and crop- 
cllnates windbreaks or shelterbelts. 

2 . 10.2 Sf^iS^lfSF^^^ SfiJ^^J'^^IPz. SPi^J°i*ffi? 

2.10.2.1 The modification of the microclimate, especially wird speeds, by using shelter- 
belts and windbreaks. 

2.10.2.2 On airflows 

The effect of width, shape and density of shelterbelts on airflow when wind 
is blowing perpendicular, oblique or parallel to the belt; the effectiveness of 
different systems (parallel rows or networks of belts) on air flow; wind condi- 
tions at the ends of and at gaps In shelterbelts; the effect of surface roug^ess 
and thermal stratification; the effect of topography. 

2.10.2.3 op^^g^.^^^gggg * 

On radiation; air and soil temperature • 

2.10.2.4 9g,??^F^^^????SS * 

On atmospheric' faumldityi dew-fall and fog precipitation; precipitation; 
snow-cove?^; evapotranspiratiooi soil mdlsture. 

2.10.3 CogaUractl^ ] 
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2.10.4 ^I?S^2f^]^J^£F^}^ 

On crops ^ livestock^ fauna and buildings. 

2.10.3 Cllmatological Information required In the regional planning of shelterbelts 
and windbreaks. 

2.10.6 Neteorologloal, agricultural and biological observations In long-term trials on 
the effects of shelterbelts and windbreaks. 

2.10.7 Selectlngj planting, care and maintenance of shelterbelts. 

2.11 Information^ forecasts and warnings for agriculture and forestry 

2.11.1 hj^S^lfS^S?^£Sl!^SPiJ^SS^ 

Bulletins (pentad, weekly, decadal, monthly) 

Organisation of Information service: code, network, comminlcatlons, sending 
In reports, synoptic method of working out bulletins, issue and distribution. 

2 .11.2 £PI?£?!S!^ 

2.11.2.1 2S!?££!^^ weather-forecasts 

Weather forecasts covering a period of time as required by agriculture 
(period of vegetatloni ten days, a week, five dayn) given In simple clear wording; 
stress on factors particularly Important for agrlcult\iz*e such as strong winds and 
cold waves, frost possibility, heavy rain, storms, drou^ts, etc.; dally weather 
forecasts on a re^onal scale giving a roue^ estimate of the essential factors, 
e.g. temperature, cloudiness, precipitation (seasonal and climate change fore- 
casts)* 

2 . 11.2 .2 ?pgg^^.yg?^t?5r.i ?9?????^ n 5??,??r?^5y? 

Weather forecasts relating to the seasonal requirements of cultivated 
plants, e.g. the planting and growing season, frost, plant diseases, noxious 
Insects, spraying and dusting operations, irrigation requirements, harvest condi- 
tions, post-harvest and storage conditions^ weather during transport of agricul- 
tural products J forestry operations j fire weather (including forest fire warnings), 
agricultural aviation, etc. ^ 

2.11.^ AQpmetjB^roIoi^jO^^ 

Local frpst forecasts: formulae for predicting mlnlmimi air temperature; 
the importance of the "no-danger" forecast. Soil himddity forecasts. Forecasts 
of dates of successive phases of plants development; forecasts of yield and crop 
quality. Forecasts and warnings concerning livestock; disease forecasting: 
forecasts on relative abundance, expected periods of Increase or decrease, tin 
of peak infestation. Forecasts on the distribution, outbreaks and seasonal 
events of Insects (pests and beneficial). Parameters used In forecasting. The 
most widespread methods. Issue of forecasts and warnings. 

2.12 Artificial climates 

2 . 12 . 1 S}S!&SSSfS^^2PS^M iPSS^&^J^iPjL 

Ventilation; heating and cooling; llluminatlcm; soil moisture and evapotrans- 
plration. 



■39 
84 



AMNQC I 



The variation of all meteorological entitles over a wide range* 

Site orientation; colour; texture; construction; ventilation; heating and 
cooling; air composition; humldlf Icatlon; Illumination; photoperlodlclty^L quality 
of llgjit; air and litter moisture content; air circulation. 

Storage rooms^ clamps^ pits. 
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SYLLABUS n 



Syllabus in asricultural meteorology for graduates 
in agricultural sciences 

1. THEORETICAL COURSE 

!• INTRODUCTION 

1*1 The concepts weather and climate (macro-^ meso- and microclimate). 

1»2 The Importanco of weather and climate for agricultural production 

(Essentially a revision subjecti the extent will depend on the standard of previous 
instzniction) 

The adaptation of plants, creeps and animals to the climate; the necessity of 
adjusting farming systems to the natural environment; critical plant-growth periods 
in relation to temperature and soil moisture; the Importance of weather and climate 
data in determining the irrigation requirements of crops; climate in relation to 
insect pests and plant diseases; production and cultivation practices in relation 
to climate; climatic hazards affecting agricultural output, e.g. drought, hail, 
frost; strong winds, etc. 

1»5 Agricultural meteorology 

Definition, alms and scope; difference between meteorology and agricultural 
meteorology; a short history of agricultural meteorology in relation to the needs 
of agriculture and the development of meteorological apparatus. 

1.4 National Meteorological Services and the World Meteorological Organization (WMO). 

1.5 National agrometeorologioal organizations and the Commission for Agricult\iral 
Meteorology (CAgM). 

2. , raE ATMOSHiERE AND PRESSURE VARIATION 

Its nature, composition and properties; air pollution, carbon dioxide; extent 
and structure: troposphere, stratosphere., mesosphere, ionosphere and exosphero; 
pressure of the atmosphere; imlts; variation of pressure with height; mercury 
barometers; the aneroid bijjfometer; the barograph; altimeters. 

Daily and seasonal variations; some effects of variations in air pressure 
upon animals and insects. 

3. RADIATION IN THE ATMOSPHERE , 

Sources of heat for tlm, atmosp sun and radiant energy; the electro- 

magnetic spectrum law; the 

solar constant. 
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Seasonal and latitudinal variation In length of day. Factors Influencing 
the amount of radiation Incident upon the Earth's surface; absorption, reflection 
and transmission; albedo; terrestrial radiation, 

o Instruments for measuring incoming solar radiation; pyrhellometers of 
Angstrttm and Abbot (silver disk) for measuring direct radiation; the Eppley and 
Moll-Oorczynskl actlnometers and the Robltzch bimetallic actinograph for measuring 
direct and diffuse radiation. 

Energy In different parts of the spectrum and its biological significance; 
illumination. Penetration of radiation through a crop canopy. 

Radiation balance: its importance to plant and animal processes. Bright 
sunshine duration and its measurement, e.g. with the Campbell-Stokes, Marvin 
and Jordan photographic recorders. 

METEOROLOGICAL EIEMENTS 
Air temperature 

Different temperature scales; representative air temperature and Its measiire- 
ment; thermometers and thermographs (llquid-ln-glass, deformation, liquid- in-metal, 
electrical resistance thermometers, thermocouples, thermistors); maximum, minimum 
and mean air temperature; dally and seasonal variations; vertical temperature gra- 
dient; temperature inversion; isotherms. The Importance of temperature in the 
growth of plants; frost-free growing season; vegetative period. 

Atmospheric humidity 

Water vapotir in the atmosphere and its variation with height; Importance in 
determining the possibility of rain, sn^k and hall and its role in the development 
of thunderstorms; importance in the growth of plants; effect on the loss of heat 
from the human and animal body. Absolute humidity, relative humidity, saturation 
deficit, dew point, specific humidity, mixing ratio, vapour pressure. Daily varia- 
tion of the absolute and relative humidity, and their variation with height and 
latitude* Instruments for measuring humidity, absorption hygrometers; the psychro- 
metrlc formula. 

Condensation^ precipitation and evaporation 

The process of condensation in the atmosphere; its importance in the formation 
of fog> clouds, rain, hall, snow, frost and dew. Fog apJl cloud formation; a simple 
classification of clouds, cloud covers • Thunderstorms: formation, frequency; 
lightning; precautions against lightning; hall; the structure of hailstones; 
theories of hall formation* Preolpltatlon; the size and rate of fall of raindrops; 
types of rain; seasonal variation* of rainfall; the measurement of rainfall (the 
ordinary ralngatige and continuous rainfall recorders, rate-of-ralnfall recorder); 
snow and its measurement; statistics' on extreme precipitation* The process of 
evaporation; . factors InfluenclTig the rate of evaporation; simple formulae for 
calcxOatlng the rate of] evaporation. Instruments for measiiring evaporation. The 
relation between evaporation from a free water surface and evaporation from moist 
soil W¥i leaf sui'fades.- Degrees of error inherent in measurements and in estimates 
from calculations. 

Winds and circulation piattema 

■ ' ^ ^ W direction, speed and pressure; 

' wlidro^es;* Wl^ and variation with height. The measure- 
ment of wind direction and speed. Isobars, field of pressure^ pressure gradient. 
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The general circulation of the atmosphere; the effect of the Earth's rotation on 
the flow of winds across the Isobars; Buys Ballot's law. Planetary, terrestrial 
and continental winds. Land and sea breezes^ mountain and valley winds of local 
Importance, e.g. Ftthn or Chinook, Bora, Harmattan, Mistral, Sirocco. The 
tropical oyclone or hurricane; tornadoes; water-spouts; duststorms. The extra«- 
troplcal cyclone: Its origin. The polar-front theory; air masses; weather along 
the cold and warm fronts; the occluded front. Antlcyclonlc or high pressure 
systems and associated weather • 

WEATHER AND CLIMATE 

Pressure systems and other factors such as latitude, altitude and sea currents 
affecting the country's weather and climate. Discussion of climate of the country 
concerned; the distribution and Intensity of rainfall and Its efficiency for agri- 
cultural production; temperature: seasonal variation and extremes of temperature 
affecting agricultural output; lack of sufficient sunshine; excessive evaporation. 
Climatic trends and changes. 

MICROCLIMATOLOOT 

The Importance of the air layer near the ground to agriculture. Heat exchange 
at the ground surface; the flow of heat Into the ground; soil temperature and Its 
effect on plant growth and soil activity; factors affecting soil temperature; 
Instruments for measuring soil temperature. ^ Air temperature, humidity and wind 
variations In the mloro-layer; the Importance .of these variations for plants, 
animals Insects and plant diseases. Influence of type and soil condition, plant 
cover and topography on the microclimate. Influence of the microclimate on the 
formation and occurrence of frost; diminishing frost damage by altering the micro- 
climate. The Influence of shelterbelts and framing systems on the microclimate. 

CLIMATIC HAZARDS ADVERSELY AFPECTINO AORICUUTURAL OUTPUT 

Insufficient soil moisture during critical growth periods 

The hydrologlcal cycle: rainfall. Infiltration, moisture retention capacity 
of .the soil, percolation, runoff, evaporation, transpiration and evapotransplra- 
tlon. The Importance of soil moisture for plant growth. Soil moisture measure- 
ments, soil moisture conservation; farralng systems in relation to available soil 
moisture in the arid, semi-arid, sul>-humid and humid regions. Irrlfi^tlon and 
supplementary irrigation; water conservation. Application of climatic data in 
scheduling irrigation; estimating actual and potential evapotranspiration. 

Droughts (long period) 

Definition; possible causes; frequency; principal drought-afflicted areas; 
long-term planning against drought; the possibility of cloud stimulation. 

Hail 

Frequency of hall storms; hail damage and its prevention. 

Frost and frost coiribating » . 

&!ctent of frost damage; Intensity and frequency of damaging frosts; sensi- 
tivity of plcunts to low ^^^^^ advectiye frosts; methods for 
predicting froist conditions; methods of preventing frost damage at the time of 
planting; ways of diminishing frost damage, e.g. cloches, chemical smokes, orchard 
heating sprinkler irrigation, wind machines. 
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Strong winds 

The Importance of windbreaks and shelterbelts; the detrimental effects of 
strong winds on plants, animals and the soil. The effects of windbreaks upon the 
environment. Different types of windbreak; the advantages and disadvantages of 
shelterbelts. Trees and types of shelterbelt suitable for local conditions. 

ECOLOGY OP CROPS, ANIMALS AND E^SECTS 

Well-established relations between meteorological and climatic factors, 
severally and Jointly, on the growth and yield of crops and animals; effect of 
weather and climate on insect pests and plant diseases. Climatic requirements 
of crops, fruit trees and animals with respect to heat, light and moisture. Adap- 
tation of plants and animals to the climate.- 

AOROCLIMATIC STATIONS ' ' 

Classification (principal, ordinary and auxiliary); networks;, observations; 
equipment; relevant biological observations. 

The processing^ tabulation and interpretation of agrometeorologlcal data; 
statistical and mathematical methods of analyses. 

CROP FORECASTS 

Crop forecasting techniques and examples of forecasting time of emergence 
of seed, vegetative growth periods, flowering, maturity and yield of crops. 

INVESTIGATIONS AND RESEARCH 

Development of crop-weather relationships; use of seml-emplrlcal models 

SPECIAL WEATHER FORECASTS FOR AGRICULTURE 

Elementary forecasting technique. Interpretation of dally weather charts; 
frost danger warning for crop protection; veld and forest fire warnings; planting 
and harvesting weather forecast; Insect and disease forecast; spraying and dusting 
weather forecast; livestock weather forecast; post-harvest and storage forecast; 
agricultural aviation forecast; warm and cold spells; wet and dry spells; severe 
weather. 



PRACTICAL WORK ON METEOROLOGICAL INSTRUMEIHS AND METHODS OP OBSERVATION 

Pressure ^ ; •.■ ■ ^. ^ 

Units and relation. between different units; reduction of pressuz^e to other 
levels; mercury barometers; method of observajblon; correction^ of barometer readings 
to ^standard condition^,: . Ixidex ex^or^ .gravity correction^ temperature correction; 
exposure, trcmsportfLtl^^^ the mercury barometer; the barograph: 

care and maintenance ^ evaluation of .the records;, the, aneroid barometer. 



H. PRACTICAL COURSE 
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Surface wind 

Units; relation between different speed units; determination of true north, 
the oonpass points; estimation of wind speed, the Beaufort scale; different types 
of anemometer and anemografdu evaluation of the records^ exposure of wind 
equipment. 

Temperature 

Fahrenheit, Celsius and absolute temperature scales; liquid- in-glass thermo- 
meters: the ordinary thermometer, the maximum thermometer, the minimum thermo- 
meter, the soil thermometer, reading a thermometer; electrical thermometers; 
the resistance thermometer, thermocouples, thcf thermistor, auxiliary electrical 
equipment; thermographs: the bimetallic type, the Bourdon- tube type, the mercury- 
in-steel type, evaluation of the records; thermometer and thermograph exposure, 
general requirements in order to obtain representative air temperature, thermometer 
screens, artificial ventilation, exposure of soil thermometers and grass minimum 
thermometers; the Importance of calibration certificates; possible sources of 
defects in thermometers and the various procedures to rectify them. 

Duration of sunshine 

Sunshine recorders; exposure and installation of sunshine recorders; evalua- 
tion of the records. 

Atmospheric humidity 

Units and methods; simple psychrometer without artificial ventilation, the 
sling psychrometer, the Assmeuin type psychrometer, exposure and observational 
procedure, care of the wet bulb, operation of wet bulb below freezing, sources of 
error in psychrometry, the psychrometric formula, tables and slide-rules; hair 
hygrographs: general requirements, exposure, management and transportation, accur- 
acy and sources of errors, washing the hairs, evaluation of the records; dew-point 
and frost-point hygrometers; electrical absorption- type hygrometers. 

Precipitation 

Units; errors and accuracy of reading; the ordinary and totalizer ralngauges; 
rainfall recorders; rainfall intensity recorders; evaluation of the records; 
exposure of raingauge: general rules. Influence of strong and gusty winds; rain- 
fall measurement on slopes; snow measurements; dew and leaf -wetness measurements. 

Evaporation 

The main classes of evaporimeter: large evaporation tanks, small evaporation 
tanks, porous bodies, porous paper wick devices; exposure, maintenance, scale, ob- 
servations and entries, calculations. 

Soil moisture 

Units of measurement, visual observation, gravimetric method, obtaining per*- 
centage moisture by voliime, tenslometers, electrical methods, thermal methods, 
neutron scattering method, gairma ray absorption method* 

Radiation 

Units, types of instrument; estimates from simple data. 
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2. FRACTICAL WORK BASED ON THE THEGRETICAL COURSE 

2.1 CHinatologlcal analysis t processing of observation data preparatox^ to ultimate 
use anl interpretation^ e«g« averages^ normals^ frequencies^ standard deviation, 
etc. Study of the climate of the region or continent concemedi statistical 
analysis of representative climatic elements, the drawing of Isopleths, etc. 

2.2 Calculation of derived parameters, e.g. evaporation, radiation, climatic indices; 
testing of "models". 

2.3 A study of the variation of temperature, hximidity and wind in the micro-layer. 
A microcllmatologlcal study of a suitable area. 

2.4 A study of the Influence of different windbreaks and shelterbelts on the micro- 

climate. 

2.3 A study of frost-protection methods. 

2.6 A study of meteorological aids to irrigation practice. 

2.7 Analysis and interpretation of elementary synoptic chartsj preparation of routine 
forecasts; examples of special weather forecasts for agriculture. 

2.8 Practical crop-forecasting, including yields, quality, sowing and harvest dates. 

2.9 A monograph by each student on the application of agrometeorology to his or her 
particulfiu* field of study in agricultural science. 
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SYLLABUS III 

Syllabus for technical assistants 
In agricultural meteorology 

1. BASIC KNOUI£DQE RB^UIREMENTS 

1«1 Mathematics and physics 

The standard of mathematics and physics required will be that of the secon* 
dary-school level. 

1.2 Astronomy and ^)hyslcal geography 

A good knowledge of the universe^ the fiolar system. Sun, Moon and Earth* 

1.5 Biological sciences 

An elementary knowledge of appropriate biological sciences. 

1.4 General meteorology 

■ ■ i. 

Composition and properties; atmospheric pollution; extent and structure: 
the. troposphere, the stratosphere, the roesosphere, the Ionosphere, the exosphere. 

1.4.2 iFSPSyS^ 

Definition; Torlcelll's experiments; the mercury barometer and Its corrections; 
Isobars; pressure variation with altitude* 

1.4.^ Wlnis o^lr co^^ 

Wind and air currents, * the caiise of winds; direction, speed; dally and 
seasonal yarlatloni the general circulation: effect of Earth's rotation, cyclones 
and anticyclones; Buys. Ballot's law, the' tropical cyclone, the monsoon, local 
winds, land and isea breezes, katabatic and anabatic winds, the Ftthn wind, the 
J'tomadb. 

1.4.4 RadlatjLon 

'She nature of radiation, the electromagnetic spectrum; basic definitions! 
the elementary radiation laws; the solar constant^ attenuation of solar radiation 
by the atmosphere; geographical, annual and dluznnal distribution of solar radla« 
tlon; terrestrial radiation; net radiation. 

• 1.4.5 • S?SSPSf^^^ V'..: ; 

Different' temperature s'caleis; representative air' temperature and Its measure* 
ment; diurnal and seasonal varlatloni vertical temperature gradient, temperature 

o 
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Inversions; Isotherms; the Importance of tempera t\ire In the growth of plants, 
frost-free growing season, vegetative period. 

£tjjw)sphe£lc humid Ity 

Water vapour In the atmosphere and Its variation with height; definitions 
of dew point, relative humidity, vapour pressure deficit, absolute humidity, 
specific humidity, mixing ratio and vapour pressure; the psychrometrlc formula; 
dliirnal and seasonal variation of atmospheric humidity; Importance of atmospheric 
hvimldity In the growth of plants. 

£o£d wisat 1 on^ £^£°^JL*iS*iPll SP^ SySP3FS!^lPR 

The process of condensation In the at^nosphere. Its importance in the forma- 
tion of fog, clouds, rain, hail, snow, hoar frost and dew; the physics of preci- 
pitation: the ice crystal process, the gravitational coalescence process, size 
and rate of fall of raindrops; thunderstorms: classification, the Byers-Braham 
thunderstorm model, hall, thunderstorm electricity; the process of evaporation 
factors influencing the rate of evaporation* 

^M2iod^cunl£sjDf the a^tropsphe^^ejandjd^ 

The meteorological thermodynamic system; the variables of state, the gas 
laws; the equation of state; virtual temperature; pressure reduction to other 
levels; the adiabatlc process, the dry adlabatic lapse rate, the saturation adia- 
batlc lapse rate; stability and Instability; the forces of gravity, the pressure 
gradient force, Coriolls force, centrifugal force; horizontal frictionless flow: 
the geostrophic wind, the gradient wind, the cyolostrophlc wind; the effect of 
friction on wind: the diurnal variation of wind and variation of wind with height. 

The synoptic method; the observation network; codles; the station model; 
synoptic charts; air masses: definition, sout'cie" regions, movement, classifica- 
tion, general characteristics of air masses;^ fronts: warm front, cold front, 
associated weather; pressure systems and their synoptic significance: the anti- 
cyclone, the extra-tropical cyclone, the trough of low pressure, the ridge of 
high pressure, the col; elementary forecasting technique; typical synoptic charts 
of the region or continent concerned. , ^ 

Climatology 

The concept of climate; the influence of large-scale geographical factors 
such as ocean currents and the distribution of land masses and seas on climate; 
the principal climatic. elements; definition of the normals of climatic elements; 
climatic seasons, their yar lability; basic principles of climate classification 
and/global study of world climate; a , more detailed study of the climate of the 
region or continent concerned; the utilization of cllmograms and phytocllmograms; 
application of climatology to various human activities with special reference 
to agriculture. 

Scope of agricultural meteorology 

Definition, aims; the relationship between weather, climate and agriculture: 
soils, plants, farm animals, diseases and pests of crops and^ anl^^ farm build- 
ings «4 equipment, artificial modlf lca;blons of th^ met^oro^^ and hydrologlcal 
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regime; a short history of agricultural meteorology in relation to the needs of 
agriculture and the development of meteorological apparatus; national Meteorolo- 
gical Services; the World Meteorological Organization (VMO)» the Connisslon for 
Agricultural Meteorology (CAgN). 

2.2 Agrometeorologlcal observations 

2 •2.1 !I!?^SFS}£,^^S^^^SF^1?'SP^ 

Units, accuracy, Importancei expcsure of Instruments and general rules for 
the observation of pressure, air temperature, atmospheric humidity, wind, sunshine 
and radiation, precipitation, evaporation, soli temperature, soli moisture content 
and soli moisture tension; Interpretation and analysis of autographic charts; cloud 
classification: genera, species and varieties, the synoptic classification; signi- 
ficant cloud, cloud cover, estimation of cloud base; horizontal visibility; exists 
Ing weather conditions; state of the ground (dew etc.)- 

2.2.2 ^2?'2f^£?\J^^SPl?i?'SPS. 

Observations cn native plants and on cultivated crops and trees, farm animals, 
diseases. Insect pests, and general activities on the land. 

2«5 Agrometeorologlcal instruments 

The choice of a site for an Instrument enclosure; a detailed study of the 
procedures for Installation, maintenance, checking and calibration of the following 
Instruments: 

2.5.1 £F^sy£.^ 

The mercury barometer: method of observation, exposure, transportation and 
Installation; correction of barometer readings to standard conditions: Index error, 
gravity correction, temperature correction; the barograph; the aneroid barometer. 

2.3.2 Surf^ce^wlnd 

The pressure plate anemcmetet'; cup and propeller anemometers: the hand anemo- 
meter, the totalizing anemometer, contact and generator type of anemometer and 
anemograph; the presisure-tube anemograph; the hot-wire anemometer; etc. 

2.3.3 

The exposure and maintenance of the major Instruments for measuring short- 
wave, long-wave, and net radiation, spectral distribution; the measurement of Illu- 
mination; evaluation of the records* 

■ ■ ^ Sunshine recorders;- exposure and installation, maintenance; evaluation of 
records* 

2.3.5 Temperature 

. Liquid- in-glass thexinometers : ordinary thermometers, maximum thermometers, 
minimum thennpmeters^ s^^ thermometei?s, reading a thermometer; electrical thermo* 
. meters r .res&tw theiTUlstors, auxiliary electrical 

equipment; thermographs: ''the bii^tallic type, the Bovirdon-tube type, the mercury- 
in-steel type; thermometer and thermograph exposure: general requirements in order 
to obtain representative air temperature, thermometer screens, artificial ventila- 
tion, exposure of soil thermometers and grass mlnimtun thermometers; the importwce 
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of calibration certificates; possible sources of defects In thermometers and the 
various procedures to rectify them* 

2.3.6 hf'SPSPi}?£?'S, Is^^^^ly 

Psychrometers: simple psychrometer without artificled ventilation, the sling 
psychroroeter, the Assmarn-type psychrometer, exposure and observational procedure, 
care of the wet bulb, operation of wet bulb below freezing, sources of error in 
psychrometry, the psychrometric formula; tables and slide-rules; hair hygrographs: 
general requirements, exposure, maintenance and tramsportation, accuracy and 
sources of errors, washing the hairs; dew-point and frost-point hygrometers; elec- 
trical absorption- type hygrometers . 

2.3.7 J?!S9lPi*i*iPil 

The ordinary and totalizing raingauges; rainfall recorders; rainfall intensity 
recorders; snow measurements; depth and density. 

2.3.8 Dev^ an^ ^eaf^w etne ss 

The Duvdevani dew block, Leick plates, weighing type of apparatus; leafwetness 
recorders. 

2.3.9 Ey ap£r^t^on and ey^jw t£fims£l£ajt ion 

The main classes of evaporimeter: large evaporation tanks, small evaporation 
tanks, porous porcelain bodies, porous paper wick devices: lyslmetersi exposiu?e, 
maintenance, scale, observations and entries, calculation. 

2 . 3 . 10 SpJL l^mo is tiH^ SPI^SPl, SRi ^^i^ JS£^i*JF£ i?IL^lPJl 

Tensiometers; the gravimetric "determination of soil moisture content; resis- 
tance of porous blocks; the neutron moisture meter. 

2.4 Processing of agrometeorological data 

2.4.1 StatlsUcs 

Cleaning of an observation, errors of observation, observations as samples 
of a population; <;iallty control and processing of observations; climatological 
datas collection, treatment, storage, cataloguing, publication. 

2.4.2 

Frequency distributions: relative frequency, cumulative frequency, histogram; 
statistical parameters: mode, median, quartlles, percentiles, arithmetic mean, 
standard deviation, variance, weighted and adjusted means,, means from grouped 
data; significance tests: Student's t-test, the test; regression: significance 
of a regression coefficient; correlation, rsigntficance of a correlation coefficient, 
analysis of variance. 

2«5 Mic r o c limatology 

'inportwc of ' ti^^ ^£(ir lay^r hear the gr\b\jf^ for agrli^ulture;. variations of 
. leaf aiid alr^temperatUre, huml^^^^ of 
. , toiX)j^aphy, Qpii type,' soil condition and yeg;etation on the microclimate. 



ANNEX HI 



31 



2.6 Soli temperature 

Plow of heat In the soil; diurnal and seasonal variation of soil temperature 
at different depths; factors affecting soil temperature; the Importance of soil 
temperature for plant growth. 

2.7 Soil moisture 

The hydrologlcal cycle; the Importance of soil moisture for plant growth. 

2.8 Weather hazards adversely affecting agricultural output 

2.8.1 J^rauj^s 

Definition; frequency; long-term planning against drought; the possibility 
of cloud stimulation. 

2.8.2 i^iL 

Frequency of hall storms; hall damage and its prevention. 

2.8.3 Zr£si 

Extent of frost damage; sensitivity of plwts to low temperatures; radiation 
and advectlve frosts; taking account of frost in agricultural planning; ways of 
diminishing frost damage; artificial methods of combating frost damage — e.g. 
orchard heating, sprinkler irrigation. 

2.8.4 J,*i?2JfiJli?li^ 

The importance of windbreaks smd shelterbelts; the detrimental effects of 
strong winds on plants, animals and the soil; the effects of windbreaks upon the 
environment; different types of windbreak; the advantages and disadvantages of 
shelterbelts; trees and types of shelterbelt suitable for local conditions. 

2.9 Practical applications 

. Practical application of meteorological and climatologlcal data of plants, 
crops, animals. Insects and plant diseases. 

2.10 Agrometeorological research 

A discussion on research problems applicable to the region or country con- 
cerned. 

2.11 Practical training 

The theorlcal cbiirse miist be supplemented by an intense training in out- 
door practical work, especially concerned with the maintenance of instruments 
and the taking of observations. 
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Syllabus for teaching agricultural meteorology 
at advanced schools of agriculture, horticulture and forestry 

I. lECTlJRES TO BE INCIflDED IN THE PROGRAWES 
Agriculture and horticulture schools 

1« Meteorology and its importance in a cotmtry's economy 
(especially in farming, gardening and forestry) 

2« The terrestrial atmosphere 

2.1 Composition 

2.2 Vertical structure 

2*3 Certain physical properties 

3» Atmospheric pressure 

3*1 Measurement of pressure; mercury and aneroid barometers^ barographs 
3*2 Pressure changes with altitxide; determination of altitude 
3»3 Pressure variations 

4. Nature of radiation 

4.1 Solar radiation: physical properties of radiation; direct solar radiation; 
diffuse radiation; radiation transmission and absorption 

4.2 Long-wave radiation; effective radiation 

4.5 Albedo 

4 .4 Radiation measurements 

4 .3 Duration of sunshine 

4.6 Significance of radiant energy in plant life: greenhouse effect; photo- 
synthesis^ growth^ photoperiodism^, phototropism 

5. Air and soil temperature ' 
5*1 Air temperature measurements 

5*2 Daily and annual variation of air temperature 

§•3 Vertical air temperature distribution; temperatura inversions 

5.4 Horizontal, distribution of air temperat\ire; charts of isotherms at sea<-level 
and at surface 
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5*5 Soil temperature measurements 

5*6 Dally and annual variation of so5.1 temperature 

5*7 Factors influencing soil temperature 

5*8 Influence of air and soil temperature upon plants and the processes of growthj. 
photosynthesis and respiratj/ia 

5*9 Resistance of plants to higjh and low temperature 

5*10 Frost and frost pr«otection 

Water vapour in t'ne> atmosphere and soil moisture 

6.1 Atmospheric h^imidity: definitions, significant values, measurements 

6.2 £vaporaticn: evapora\;ion process; measurement of evaporati^^: from water 
and land surfaces; ti'anspiration and evapotranspiration 

6*3 Soil moisture; kinds of soil water; agrohydrological ^oil properties; soil 
moisture ijieasurements 

6.4 Soil water balance 
Condensation and precipitation 

7*1 Conditions favourable for water vapour condensation 

7*2 Dew and hoar frost 

7.5 Fog 
7.4 Cloud 

7*5 Precipitation; formation; types; measurement 

7*6 Role of water in plant life: a genexttl idea of water economy of plants 

7*7 Significance of snow cover for soil and plants 

Motion in the atmosphere 

8.1 Causes and kinds of winds 

8.2 Isobars, pressure gradient 

8*3 Coriolis force, effect of friction, centrifugal action 

8.4 Winds connected with cyclonic and anticyclonic circulation 

8«5 Wind in the free atmosphere; in lower layers; local winds 

8 .6 Wind structure and measurement 
8«7 General circulation 

8.8 Wind as a factor in plant habitats; need for shelterbelts 

Synoptic roeteorolo^ (basic knowledge) . . - 
9*1 Air masses and fronts. 

9*2 Lews: theory of low formation; associated weather 
9*3 Highs: associated. weather 
^ 9A - Weather servioei weather maps and analysis, >re^ther forecasting 
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10« Climatology 

10«1 General notions of climate 

10*2 Factors influencing climate 

IOf? Major climatic soneo of the Earth 

10.4 Climate of the country concerned: general remarks on particular elements 

11« Biological measurements (phenology^ 

11.1 Importance of phenology for meteorology and agricvilture. 

11.2 Phenological observations 
11.^ Rienological seasons 
11.4 Rienological cartography 

NOIEE: Stress to be laid on observations dealing with practical agriculture, 

12« Ayometeorological stations 

Organization, equipment, measurements, observations, information provided 

IJ. Examples of the application to practical agriculture of agrometeorological 
knowledge and data 

B« Forestry schools 

Syllabus as under A (Agriculture and horticulture schools), with the following 
amendments: 

Add "4.7 Penetration of light into forests" 

Add "5*11 Air temperature within the forest** 

Replace 6.1 by the following text: 

"6.1 Atmospheric humidity; characteristic magnitudes; measurement! 
atmospheric humidity within forests** 

Replace 7*5 by the following text: 

*'7*5 Px^oipitation: format ioni types i measurement; rainfall measurements 
at the floor of the forest** 

Add "8.9 speed within the forest** 

Add **10*5 Influence of the forest on the macrocliroate, climate of the clearing 
in foriests** 

Add **11.5 Phenological investigations within forests** 
Replace 12 by the following text: 

**12. Forest meteorology services** ;^ 

• II. ■ PRACTICAL EXERCISBa 

During the lectures under Section I above, 'instruments are to be shown to 
the students J' ' in the present 

section is that during these exercises, students should acquire knowledge of how 
to operate the following inst7.«uments and how to evaluate the records. 
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1* Pressure 

Mercury barometers, corrections; aneroid barometers; barograph 

2. Radiation ' * ' 

Basic instruments for measurements of solar radiation and sunshine duration 

3« Temperature 

3.1 Standard meteorological thermometers; ordinary, maximum, minimum; reading, 
corrections, recording, computing mean diurnal air temperature, plotting 
isotherms; thermographs. 

3.2 Soil thermometers; reauiing, corrections, recording; graphic representation 

4. Atmospheric humidity eoid soil moisture 

Psychrometers and psychromietric tables, hair hygrometer, hygrographs. EVapori*- 
meters; lysimeters. Determining soil moisture by the gravimetric and visual 
methods 

5« Precipitation ' - 

Measurement of precipitation by gauges and recorders; snow measurements. 
Plotting isohyets, . i : 

6. Wind 

Observations of wind direction and speed; pressure plate anemometer and 
cup anemometer; anemographs 

?• Climatology 

Cllmato logical observations. Preparation of climatological reports 

8. Biological measurements (phenology) 

Plotting phenolof^ioal charts (see Guide to Agricultural Practices, 
Section 7»1.2: Cartographic preis^ntation) 

9. Visits . 

Visit to agrometeorological research stations, sites of field experiments, 
and to the national Meteorological Service 
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LIST OF TEXIFBOQKS AND PUBLISHED LECTURE NOTES OR MONOGRAPHS 
PERl'AINING TO INSTRUCTION IN AQRICUI/TURAL rCTEORQLOGY 

« ABBE» C«i 1905 A first report of the relations between climates and crops, U.S. Printing . 
Office, Washington. ^^86 pp. 

* ALISSOW, B. P., DROZD07, 0. A., RUBINSTEIN, E. S*, 1752 ~ Kurs kllmatoligll, Chast' 1-2 

(Course In climatology* Pt« l«-2). Gldrpmeteolzdat, Leningrad. 487 PP« (German transla- 
tion: Lehrbuch der Kllmatologle. (1956) Deutscher Verlag der Wlssenschaften, Berlin. 
536pp.). 

« ARIERY, R., 1957 — Elements de m^t^rologle agrlcole. M^t^orologle natlonale, Paris. 

« ASLYNG, H. C, 1961 — Forelaesnlnger over Klima> Jord og Vandbalance 1 Jordbruget 

(Lectures on climate, soil and water-balance in agriculture). Danlsh-Kulturteknik I, 
;^rd edition. 240 pp. (in r^anish). 

« AUJES2KY, L., BERENYI, D. and BEIIi, B., 1951 — Mezbgazdasiigl Meteorologla; Az Agraneteo- 

rologlal Ismeretek KfezikOnyve (Agricultural meteorology; an agrometeorologlcal handbook). 
Akad. Klado, Budapest. 550 pp. (In Hungarian). 

« AZZI, G., 19;^ — Trattato di Ecologla agrarla. Society Edlzlonl Intemazlonall, Turin 
(In Italian). • 

* 1936 — Agricultural ecology. Constable and Company Ltd., London. 424 pp. 

BAUMANN, H., I96I — Wltterungslehre fUr die Landwlrtschaft (Meteorology for agricultiire). 
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66. TP. 25- Les dlagrammes aerologlques. 



Fr. s. 10.— 



68. TP. 26- Aviation aspects of mountain waves. Sw. fr. 7.— 



71. 
72. 

73. 
76. 

77. 
82. 



TP. 27 - Observational characteristics of the jet stream. 

Sw. fr. 9.- 

TP.28-The cllmatologlcal Investigation of soli temperature - 
Measurement of evaporation; humidity In the bio- 
sphere and soil moisture. Sw.fr, S.— 

TP. 29- Preparing climatic data fpr^the user. Sw. fr. 4.— 
TP.30- 



> Meteorology as applied to the navigation of ships. 

Sw.fr. 4.- 

TP. 31-Turbuk6. diffusion In the atmosphere. Sw.fr. 7.— 

TP. 32 -Design of hydrologlcal networks - Techniques for 
surveying surface-water lesources. Sw.fr. 4.— 

.56. TP. 33- Regional charts of meteorological observing station 
networks - Region V - South-West Pacific. Bilingual 
(English and French). 1st edition. Sw,fir. 10.— 

' - Cartas' reglonales des reseaux de stations d'obser* 
vation meteorologlques - Regltin V -Paclflque Sud- 
Oueat. Blllngue (anglais et fran^als). I** edition. 

Fr.s. 10.^ 



S9 



1 



Nord et Am6rique centraie. Bllingue (a 
espagnol). I'* 6ditlon. 
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56. TP. 34- Rofllonai charts of meteorological observing station 
networks - Region III - South America. Bilingual 
(English and Spanish). 1st edition. Sw.fr. 10,^ 

-Cartes rdglonales des r6seaux de stations d 'obser- 
vation m6t6orologiques - R6glon III - An)6rlque du 
Sud. Bllingue (anglais et espagnoQ. I'* 6dltlon. 

ff.s. 10.- 

84. TP. 35 - Use of ground-based radar In meteorology (excluding 
upper-wind measurements). Sw, fr, 9.— 

56. TP. 36 -Regional charts of meteorological observing station 
networks - Region IV - North and Central America. 
Bilingual (English and Spanish). 1st edition. 

-Cartes r6gionaies des r6seaux de stations p'obper- 
vatlon m6t6orologiques - R6gion IV - AmOTlque du 

(ahglaU et 

90. TP. 37 - Seasonal peculiarities of the temperature and atmo- 
spheric circulation regimes In the Arctic and Antarc- 
tic. Sw.fr. 3.- 

94. TP. 38 -Upper-air network requirements for numerical 

weather prediction - Rapport pr6llmlnalredu Groupe 
de travail de la CMS sur les rdseaux. Sw. fr. 14.*^ 

95. TP.39-Les repr6sentatlons graphlques en m6t6orologle. 

Fr. s. 3.- 

96. TP. 40 - Meteorological service for aircraft employed In 

agrlcuKure and forestry. Sw. fi. 3.— 

97. TP* 41 - Meteorological aspects of the peaceful uses of 

atomic energy. Part I - Meteorological aspects of the 
safety and location of reactor plants. Sw. fr. 5.— 

56. TP. 42 - Regional charts of meteorological observing station 
networks - Region II - Asia* 's*iillngual (English- 
French-Russian). 1st edition* Sw.fr.10.~- 

- Cartes r6gionales des rdseaux de stations d 'obser- 
vation mitdorologlgues - R6glon II- Asle. Trillngue 
(anglal8-franpai8Hrusse).1'*6dltlon. Fr. s. 10.— 

98. TP* 43 - The airflow over mountains 
100. TP* 44 



Sw. fr. 22.- 

Sw. fr. IS.- 
Fr. s. 15.- 



Gulde toCllmatologlcal Practices* 

- Guide des pratiques cllmatologlques. 

106. TP. 45 -Techniques for high-level analysis and forecasting 
of wind- and temperature fields* Sw. ft. 8.— 

- Techniques d'analyse et de provision des champs 
de vent et de temperature k haute altitude* 

Fr.s. 8.— 

108. TP* 46 -Ozone observations and their meteorological appli- 

cations. Sw.fr. S.— 

109. TP. 47 - Aviation hall problem - Turbulence In clear air and 

in cloud - Ice formation on aircraft - Occurrence and 
forecasting of CIrrostratus clouds. Sw.fr. 8.— 

110. TP* 48 - Climatic aspects of the possible establishment of the 

Japanese beetle In Europe - Forecasting for forest 
fire services. Sw. fr. 6.— 

111. TP. 49 - Meteorological factors Infiuenclng the transport and 

removal of radioactive debris. Sw. fr. 8.— 

113. TP. 50 - Weather and Food. Sw. fr. 2.- 

- Le temps et la production atlmentalre. Fr. s. 2.— 
-El tiempo y la allmentacldn. . Fr.s. 2.— 

114* TP. 51 -Guide to Qualifications and Training of Meteoro- 
logical personnel employed In the Provision of 
Meteorological Services for International Air Naviga- 
tion* Sw. fr. 4.— 



WMO -No. 

- Guide des qualifications et de la formation du per- 
sonnel m6t6orologlque employ^ h la protection 
m6t6orologlque de la navigation a6rlenne Interna- 
tionale. Ft. s. 4.— 

117. TP.52- Cllmatologlcal Normals (CLINO) for CLIMAT and 

CLIMAT SHIP stations for the period 1931-1960. 
Bilingual (English and French). Sw. fi. 10 — 

- Normales ctlmatologk|ues (CLINO) relatives aux sta- 
tions CLIMAT et CLIMAT SHIP pour la p6riode 
1931-1960. Bllingue (anglais et fran^als). 

Fr. s. 10.-- 

118. TP. 53 - Numerical methods of weather analysis and fore- 

casting. Sw. fi. 4.— 

119. TP. 54 - Performance requirements of serological instru- 

ments. Sw.fx. 4.— 

124. TP. 55 - Methods of forecasting the state of sea on the basis 
of meteorological data - Precipitation measurements 
at sea. Sw. fi. 6.-- 

126. TP. 56 - The present status of long-range forecasting In 

the worid. Sw.fi. 4.— 

127. TP. 57 - Catalogue of Ozone Stations. Bilingual (English and 

French). Sw.fi. 5.— 

- Cataloque des stations d'observatlon de Tozone. 
Bllingue (anglais et fran^als). Fr.s. 5.^ 

131. TP. 58 - Reduction and use of data obtained by TIROS 

meteorological satellites. Sw. fi. 5.^ 

132. TP. 59 -Le probldme de la formation professlonnelle du 

personnel m4t6orologk|ue de tous grades dans les 
pays InsufflQamment d6velopp6s. Fr.s. 4.-^ 



133. TP. 60 - Protection against frost damage. 

134. TP. 61 



Sw. fi. 6.— 



> Guide to Agricultural Meteorological Practices. 

Sw.fi. 12.— 

> Guide des pratiques de m6t6orologle agricole. 

Fr.s. 12.- 



135. TP. 62 - Automatic weather stations. Sw. fi. 3.— 

- Stations m6t6orologlques automatiques. Fr. s. 3.— 

136. TP. 63 - The effect of weather and climate upon the keeping 

quality of fruit. Sw. fi. 8.-- 

138. TP* 64 - Meteorology and the migration of Desert Locusts. 

Applications of synoptic meteorology In locust 
control. Sw.fi. 25.— 

140. TP. 65 - The Infiuence of weather conditions on the occur- 

rence of apple scab. Sw. fr. 5.— 

141. TP. 66- A study of agrodlmatology in seml-arld and arid 

zones of the Near East. Sw. fi. 6.— 

- Une 6tude d'agrodlmatologie dans les zones arides 
et seml-arides du Proche-Orlent. Fr. s. 6.— 



143. TP. 67 - Weather and Man. 

- Le temps et I'homme. 

- El tiempo y el hombre. 



Sw.fr. 2.- 
Fr.s. 2.— 
Ft. s. 2.— 



144. TP. 68 
146. TP. 69 
ti7%Tf.70 



- Utilization of aircraft meteorological reports. 

Sw.fi. 4.— 

- Tidal phenomena In the upper atmosphere. 

Sw.fr. 5.— 



Windbreaks and sheKerbelts. 



Sw.fi. 10^ 
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151. TP. 71 -Guide to the Preparation of Synoptic Weather 

Charts and Diagrams. $w*fr, 5.— 

- Guide pour la preparation des cartes et des dia* 
grammes de m6t6orologle synoptlque. fr. s. 5.— 

152. TP. 72 -Report on meteorological training facilities. 

Sw.fr, 5.- 

- Rapport sur les posslblllt6s de formation m^t^o- 
rologlque. fr. s. 5.-» 

153. TP. 73- Meteorological soundings In the upper atmo- 

sphere. Sw.fr. ff.— 

154. TP. 74 - Note on the standardization of pressure reduction 

methods In the international network of synoptic 
stations. Sw. fr. 3.— 

155. TP. 75 - Problems of tropical meteorology. Sw. fr. 5.— 

156. TP. 76 -Sites for wind-power installations. Sw.fr. 5.— 

159. TP. 77- High-level forecasting for turblne-englned aircraft 

operations over Africa and the Middle East. 

Sw. fr. 24.- 

160. TP. 78 - A survey of human biometeorology. Sw. fr. 14.— 

162. TP. 79- WMO-IUGG Symposium on Research and Devel- 
opment Aspects of Long-Range Forecasting. 

Sw. fr. 40.- 

165. TP. 80 - The present situation with regard to the application 

of numerical methods for routine weather predic- 
tion and prospects for the future. Sw. fr. 6.— 

166. TP. 81 - Meteorology in the Indian Ocean. Sw. fr. 2.— 

168. TP. 82 -Guide to Hydrometeorological Practices. 

Sw. fr. 30.- 

169. TP. 83- Meteorological aspects of atmospheric radio- 

activity. Sw.fr. 18.— 

170. TP. 84 - Short-period averages for 1951-1060 and provi- 

sional average values for CLIMAT TEMP and 
CUM AT TEMP SHIP stations. Bilingual (English 
and French). Sw.fr. 36.— 

- Moyennes portant sur de courtes pdriodes (1951- 
1960) et valeurs moyennes provisolres relatives aux 
stations CLIMAT TEMP et CLIMAT TEMP SHIP. 
Bilingue (anglais et fran^ais). Fr. s. 36.— 

171. TP. 85- Meteorology and the Desert Locust. Sw. fr. 30.— 

174. TP. 86 - Catalogue of meteorological data for research 
(Parti). Sw.fr. 30.- 



WMO - No. 
176. TP. 87- 

178. TP. 88- 

179. TP. 89- 

180. TP. 90- 
182. TP. 91- 



183. TP, 92- 



186. TP. 93- 



The circulation In the stratosphere, mesosphere 
and the lower thermosphere. Sw. fr. 18.— 

Statistical analysis and prognosis In meteorology. 

Sw.fr. 41.— 

The preparation and use of weather maps by 
mariners. Sw,fr. 18.— 

Data processing In meteorology. Sw.fr. 11.— 

International Meteorological Vocabulary. Quadrl- 
llngual (English - French - Russian - Spanish). 

Sw.fr. 40.- 

Vocabulalre m6t6c.rologlque International. Quadri- 
llngue (anglais - franpals - espagnol - russe). 

Fr. s. 40.— 

World Weather Watch. Sw. fr. 1.— 

Vellle m^t^orologique mondlale. Fr. s. U— 
• Vigllancia meteorol6glca mundlal. Fr.s. 1.— 
■ BceMiipiian cJiymGa noroAU* Fr.s. 1.— 

Manual of aerodrome meteorological office prac- 
tices. Sw.fr. 20.— 

- Manuel du fonctlonnement des centres m^t^oro- 
loglques d'a^rodrome. Fr.s. 20.— 

188. TP. 94- International meteorological tables. Sw.fr. 20.— 

- Tables m^t^orologiques Internationales. 

Fr. s. 20.— 

189. TP. 95- Data-processing by machine methods. 

Sw.fr. 5.- 

190. TP. 96 -The use of satellite pictures In weather analysis 

and forecasting. Sw.fr. 24.— 

191. TP. 97- Instruments and measurements in hydrometeo- 

rology. Sw.fr. 7.— 

192. TP. 98- Lower troposphere soundings. Sw.fr. 5.— 

193. TP. 99 -Use of ground-ba&ed radar in meteorology (ex- 

cluding upper-wind measurements). Sw. fr. 14.— 

195. TP. 100 - Climatic change. Sw. fr. 7.50 

196. TP. 101 - Utilization of aircraft meteorological reports. 

Sw.fr. 6.- 

197/TP. 102- Manual on meteorological observing in transport 
aircraft. Sw. fr. 4.— 

199. TP. 103- Some methods of climatological analysis. 

Sw.fr. 5.- 



Otber series of publicaUons Issued by the WMO Secretariat: Basic documents, Records, Reports and the WMO Bulletin. 



